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Calcium transport by the luminal membrane of distal tubule: II.
Effect of pH, electrical potential and calcium channel inhibitors
MICHELE G. BRUNETTE, JOHANNE MAILL0ux, and DANIEL LAJEUNESSE
Maisonneuve-Rosemont Hospital, Montreal, Quebec, Canada
Calcium transport by the luminal membrane of distal tubule: Effect of
pH, electrical potential and Ca channel inhibitors. We studied the effect
of pH, electrical potential and calcium channel inhibitors on calcium
(Ca24) uptake by the luminal membranes of distal nephron from rabbit
kidney. Ca24 uptake was measured using 45Ca and the rapid filtration
technique. Uptake by the luminal membranes prepared from distal
tubule suspensions were compared to the corresponding values ob-
tained with membranes from proximal tubules. In the distal tubule
experiments, Ca24 transport was measured in the presence and the
absence of Na4 in the incubation medium. As previously reported, Na4
inhibited Ca24 uptake by the distal membrane vesicles. Increasing the
pH of either the extravesicular or intravesicular media, or both,
enhanced Ca24 uptake by the distal membrane vesicles. We previously
described two kinetics of Ca24 transport by the luminal membrane of
the distal nephron, with high and low affinities, respectively. In both the
presence and absence of Na4, alkaline pH stimulated the low affini-
ty-high velocity system by decreasing the Km Ca24. In the presence of
Na4, alkaline pH also increased the V,,, Ca24 of the high affinity
system with no significant changes in Km. These effects of pH were not
related to a H4/Ca24 exchange mechanism. In contrast, pH did not
significantly influence Ca2 transport through the proximal membrane
vesicles. When an electrical potential gradient (inside negative) across
the vesicles was created by either various anion gradients through the
membranes, or by inducing K4 effiux with valinomycin, no relation
could be detected between the electrical gradient and 0.5 m Ca24
uptake by the proximal or distal membranes. In the absence of Na4 in
the medium, the addition of 10 LM nitrendipine or diltiazem slightly but
not significantly depressed 0.5 mti Ca24 uptake by the luminal mem-
brane of the distal tubule. This tendency completely disappeared in the
presence of Nat In contrast, 5 m Co24 or Ni24 strongly diminished
0.5 mM Ca24 uptake by the distal luminal membrane in the absence but
not in the presence of Na4. No such phenomenon was observed in the
proximal membrane. It is concluded that Ca24 transport through the
distal luminal membrane is a nonelectrogenic, potential-insensitive type
of Ca24 transport. This transport is very sensitive to pH and is inhibited
by Na4, Co24, and Ni24 in a nonadditive way. Finally, further studies
are warranted to confirm the eventual effect of organic inhibitors of the
Ca2 channels.
Calcium (Ca24) reabsorption through the distal as well as the
proximal tubule cells depends on transport through the luminal
membrane, the cytosol and the basolateral membrane. Re-
cently, we have purified the luminal membranes from rabbit
distal tubules, and following their vesiculization, we have
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studied Ca2 transport through these vesicles [1]. We have
shown that this transport was saturable, that the presence of
Na4 in the incubation medium (cis-position) decreased the
Ca24 uptake, whereas K had the opposite effect. Finally,
hydrochiorothiazide reversed the effect of Na [2].
The present studies were designed to further characterize
Ca24 transport through the luminal membranes of distal tu-
bules. In particular, we examined the effect of pH and electrical
potential. We also sought a direct effect of inorganic and
organic Ca24 channel blockers upon these membranes. For
comparison, similar experiments were performed with luminal
membranes of proximal tubules from the same kidneys.
Methods
Tubule preparation
Four to six rabbits of either sex were used for each experi-
ment. Following decapitation and exsanguination, the kidney
cortices were sliced and incubated for 20 minutes at 37°C in a
modified Krebs-Henseleit (MKH) buffer containing 1 mglml
collagenase. The tissue suspension was filtered through a stain-
less steel mesh. The tubules contained in the filtrate were
centrifuged at 100 x g for one minute, suspended in Krebs
solution and washed three times in the same solution supple-
mented with 0.5 mg/mI bovine serum albumin (BSA, Sigma
Chemical Co., St. Louis, Missouri, USA). Then, 45% Percoil
(final concentration) in MKH buffer previously saturated with
95% 02-5% CO2 for 20 minutes, was added to the suspension
and the mixture was centrifuged for 30 minutes at 28,000 x g in
a Sorvall refrigerated centrifuge. The bands corresponding to
the proximal and distal tubules were separately collected and
washed in MKH solution until free of Percoll.
Preparation of the luminal membranes
Following a second centrifugation, the tubules were resus-
pended in 50 mti mannitol, 15 mM Tris-Hepes pH 7.4, homog-
enized with a Potter (10 strokes). The luminal membranes were
isolated using a MgCl2 precipitation technique: following the
addition of 12 mM MgCI2 (final concentration), the suspension
was stirred for 10 minutes on ice, and centrifuged at 4,000 X g
for 20 minutes. The membranes were collected from this
supernatant (45,000 x g for 20 mm at 4°C), washed twice, and
finally suspended in 300 mrvt mannitol, 20 mrt Tris-Hepes at pH
7.4 unless otherwise specified. In some experiments, the mem-
branes were suspended in solutions containing various Na4
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Table 1. Enzyme marker concentrations (nmo1/tg/l5 mm)
Alkaline
phosphatase X
Na, K-
ATPase X
Total cortex
homogenate
PT homogenate
BBM
Distal nephron
homogenate
Distal nephron
LUM
8.12 1.05
7,54 0.81
66.9 6.5
3.04 0.28
5.78 0.42
8.9
1.9
1.23 0.5
0.67 0.23
0.53 0.1
0.42 0.08
0.38 0.06
0.79
0.90
Abbreviations are: PT, proximal tubules; BBM, brush border mem-
brane; LUM, luminal membrane; and X, enrichment compared to the
corresponding tubule homogenate.
salts (SCN, N03, P04H or SO4, and 20 mivi Tris-Hepes
pH 7.4) keeping the Na concentration constant.
The enzyme activities of total cortex, tubule homogenates
and membrane suspensions are presented in Table 1. Alkaline
phosphatase was used as the marker enzyme specific for the
luminal membrane of proximal tubules, whereas the luminal
membrane from distal tubules was characterized by its ability to
respond to hydrochlorothiazide in terms of a reduction in Na
transport. The characterization of these membranes is in a
previously reported study [1].
Transport experiments
45Ca2 uptake was measured by the Millipore filtration tech-
nique. Samples of 5 d of membrane suspension containing
approximately 20 pg of protein were added to 25 p1 of pre-
warmed (25°C) incubation medium. Incubation was terminated
by rapid filtration. The filters (0.45 sM) were rinsed with 20 mM
Tris-Hepes pH 7.4, 150 mrs KCI and 1 mti EGTA.
22Na uptake was measured in a similar manner except that
the filters were rinsed with 20 ma'i Tris-Hepes pH 7.4, and 150
mM unlabelled NaCl.
Composition of the incubation media
The standard solution used to initiate Ca2 uptake consisted
of either 140 m choline Cl or 100 mi NaCI plus 40 m choline
Cl, 20 ms Tris-Hepes at the indicated pH and 0.5 ma'i 45CaCI (1
1sCi). In those experiments where the influence of anions was
investigated, 100 mts NaC1 was replaced by 100 ma'i NaSCN, 60
mM Na2HPO4/NaH2PO4, 50 mst Na2SO, or 100 mM NaNO3.
For 22Na uptake experiments, the membranes were preincu-
bated with 0 or 0.5 mrs hydrochlorothiuzide in 300 mrvi mannitol
and 20 mrs Tris-Hepes, for 20 minutes at 25°C.
Materials
45CaCl (20 mCi/mg of calcium) and 22NaCI (100 to 1000
mCi/mg NaC1) were obtained from New England Nuclear
(Boston, Massachusetts, USA) and Amersham Co. (Arlington
Heights, Illinois, USA), respectively. Other chemicals were
purchased from Sigma.
Statistics
Individual results were compared with relevant control data
using Student's two-tailed t-test. The kinetic parameters were
calculated using a nonlinear regression analysis [1].
Results
Effect of pH on Ca2 uptake by luminal membranes from
proximal and distal tubules
Several pH combinations were examined. In a first series of
experiments, the pH of the incubation medium varied from 6.5
to 9, whereas the intravesicular pH was kept constant at 7.5.
These results are presented in Figure LA. As we have shown in
previous experiments [1], the presence of Na has no influence
on Ca2 uptake by the luminal membranes from proximal
tubules. Therefore, the incubation medium used in these prox-
imal tubule experiments uniformly contained 100 mM NaCI, 40
choline Cl and 20 mas Tris-Hepes. However, in the distal tubule
experiments, because of the inhibitory effect of Na, the
incubation medium contained either 100 mrvi NaC1 and 40 mM
choline Cl, or 140 m choline chloride in addition to 20 mM
Tris-Hepes at the indicated pH and 0.5 ms CaC12. Increasing
the pH of the incubation medium slightly but not significantly
increased Ca2 uptake by the proximal membranes. In con-
trast, the same maneuver strongly increased Ca2 uptake by the
distal membranes, particularly in the absence of Nat
To investigate whether the gradient of protons per se (in >
out) stimulated Ca2 transport through a Ca2/H exchanger,
the reverse situations were created, that is, the intravesicular
pH was progressively increased while the extravesicular pH
was kept constant at 6.5. Under these conditions, the uptake
was enhanced by intravesicular alkaline pH (Fig. 1B). There-
fore, the stimulation of Ca2 uptake was not due to any proton
movement.
In confirmation of this conclusion, a new series of experi-
ments in which the pH was increased both inside and outside
the vesicles, thus eliminating any H gradient, again showed a
substantial increase in Ca2 uptake with alkalinity.
In all of the three experimental conditions (a), (b) and (c)
concerning distal tubule membranes, Ca2 uptake at low pH
was not significantly different whether Na was present or not
in the incubation medium. The inhibitory effect of Na gradu-
ally became evident only with alkalinisation of the media, due
to a stronger influence of pH on Ca2 uptake in the absence
than in the presence of Nat
Effect of pH on the kinetic parameters of Ca2 uptake
As we recently reported [1], at near physiological pH, two
kinetic patterns of Ca2 uptake by the distal luminal mem-
branes were observed. We studied the effect of pH on these two
kinetics. Data were analyzed using a nonlinear regression
program. Results are presented in Figures 2 and 3 and Table 2.
In the absence of Na (Fig. 2), increasing pH of the incubation
medium from 7.5 to 9.0 decreased the Km Ca2 of the low
affinity system from 2.83 0.64 to 1.12 0.11 mM (P < 0.05).
No significant change was observed in the high affinity system.
In the presence of 100 mat Na (Fig. 3) a significant fall in the
Km Ca2 was again observed for the low affinity component
from 2.84 0.25 to 1.29 0.09 mM (P < 0.001) as well as an
increase in the max of the high affinity component from 0.27
0.02 to 0.57 0.06 pmoIIl0 sec (P < 0.001).
Effect of anion diJfrsibilizy on Ca2 uptake by proximal and
distal luminal membranes
To test whether Ca2 transport through the distal luminal
membrane is an electrogenic process, Ca2 uptake by these
PT
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A pH IN = 7.5
vesicles was determined in the presence of various Na or K
salts whose anions have different diffusibilities. These media
contained either 100 mivi SCN, 100 mivi Cl, 50 mM SO4, 60
mM HPO/H2PO or 100 mrt N03 of Na or K (pH 7.5).
Thus, the Na or K contents were the same from one
incubation medium to the other. Figure 4 displays the time
course of 0.5 mi Ca2 uptake in each medium by the mem-
branes from proximal (A) and distal tubules (B,C,D). Under
each experimental condition except for (D), the vesicles were
loaded with 300 mrt mannitol, 20 mivx Tris-Hepes. In experi-
DT
6 7 8 9
pH (OUT)
Fig. 4. Effect of pH on Ca2 uptake by the
luminal membranes of proximal (left side) and
distal (right side) tubules. (A) the
intravesicular pH is constant (7.5) whereas the
extravesicular pH varies from 6 to 9. (B) The
extravesicular pH is constant whereas the
intravesicular pH varies from 6 to 9. (C) Intra-
and extravesicular pH are the same. Ca2
uptake has been measured in the presence (0)
_________________________
and in the absence (•) of 100 mai Na. j1 <
0.05, 'P < 0.02, ***p < 0.01, ****p <6 7 8 0.001, compared to the data obtained in the
presence of Na (N = 3). Data are mean
pH (IN and OUT) SEM (as in the following figures).
ments (D), 100 mvs intravasicular mannitol was replaced by the
same Na salt as in the incubation medium, thus eliminating
any anion gradient. Experiments (A), (B), (D) were performed
with Na salts, and (C) with K salts in the incubation media.
In proximal tubule experiments (A) as in the three experi-
mental protocols with distal membranes (B,C,D), there was no
correlation between Ca2 uptake and the anion diffusibility.
Finally, in the distal membranes, the transport was always
twice as much with K as with Na salts in the incubation
medium, whatever the accompanying anion.
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Fig. 2. Eadie Hofstee plots of Ca' uptake by the luminal membranes
of distal tubules, incubated in a medium containing 140 mM choline
chloride and 20 mt Tris-Hepes at pH 7.5 (0) or 9.0 (•). At pH 7.5, a
dual kinetics was observed with apparent Km sec Ca2 of 2.83 0.64
and 0.04 0.005 m, and Vmax 3.03 0.48 and 1.18 0.22 pmol4tg/l0
sec. At pH 9, the Km Ca2 of the low affinity component decreased to
1.12 0.11 m without influencing its Vmax (3.02 0.26 pmoIIsg/l0
sec). The change of pH did not significantly affect the high affinity
system.
Km
mM
Vmax
pmol/p.g/10 s
pH (out) 7.5 9 7.5 9
—Na 2.83 0.64 1.12 0.lla
0.04 0.005 0.05 0.005
3.03 0.48 2.80 0.2
1.18 0.22 1.58 0.11
+Na 2.84 0.25 1.29 0.09"
0.07 0.008 0.04 0.006
3.02 0.26 3,39 0.33
0.27 0.02 0.57 006k'
inside negative. Because of the known inhibitory and stimula-
tory effects of cis-Na and cis-K, respectively, on Ca2
0 5 10 15 20 25 30 35 uptake by the distal membranes, these cations could not be
included in the incubation medium to study the effect of K
diffusion potential. Therefore, the experiments were performed
with vesicles loaded with 150 mrs's KC1 and incubated in a
medium containing 140 m choline Cl and 0.5 CaCl2 with or
without 5 M valinomycin. As shown in Figure 5, valinomycin
in the presence of K gradient did not enhance Ca2 uptake by
either proximal (A) nor distal (B) luminal membrane vesicles.
To determine whether Ca2 uptake by the distal luminal
membranes implies the presence of voltage-dependent Ca2
channels that have already been characterized, the effect of 10
f.M diltiazem or 10 ILM nitrendipine on 0.5 mrs Ca2 transport
through these membranes was investigated. The inhibitors were
included in the incubation medium, in the presence of either 100
mM NaCl and 40 m choline Cl or 140 m choline Cl. Results
are presented in Figure 6. As reproducibly observed, Ca2
uptake by the distal membranes was lower in the presence of
Na in the medium. Under this condition, neither nitrendipine
nor diltiazem influenced Ca2 uptake by these membranes. In
the absence of Nat, both channel blockers slightly but not
significantly reduced this uptake. Similar experiments with
luminal membranes from proximal tubule also failed to demon-
strate any influence of the Ca2 channel blockers.
Effect of inorganic channel blockers
2 4 6 8 10 12 14 16 18 Finally, the same type of experiment was done using 5 mMNi2 or Co2 instead of nitrendipine or diltiazem. Here again,
voltS, pmo/4tg protein/b sec/mM the experiments were performed in the presence and in the
absence of 100 mrs's NaC1. In the presence of NaC1, neither of
the two cations had any effect. In contrast, in the absence of
Na, both Co2 and Ni2 sharply decreased Ca2 uptake by
Fig. 3. Eadie Hofstee plots of Ca2 uptake by the luminal membranes
of distal tubules incubated in a medium containing 100 mM NaCl, 40
mM choline chloride and 20mM Tris-Hepes at pH 7.5 (0) and 9 (•). At
pH 7.5 Km sec Ca2 were 2.84 0.25 and 0.07 0.008 m and max
3.02 0.26 and 0.27 0.024 pmol/ig/10 sec. Increasing pH to 9
decreased the Kin Ca2 of the low affinity system to 1.29 0.09,
without affecting the max (3.39 0.33 pmol/g/10 sec). On the
contrary, in the high affinity system, alkalinity increased the mnlax (0.60
0.06 pmol//Lg/l0 sec, P < 0.001) without changing the Km (0.04
0.006 mM).
A number of earlier clearance studies have shown that
urinary Ca2 excretion is increased during metabolic acidosis
[3—7]. Acute acid loading is accompanied by an increase in
ultrafiltrable calcium [3, 8], which in turn is secondary to Ca2
release from bone [9, 10]. However, hypercalciuria is not
4
2
Table 2. Effect of incubation medium pH on Ca2 uptake by luminal
membranes from distal tubules (pH in vesicles = 7.5)
The values are means SEM of 5 to 8 experiments.
a p< 0.05, b P < 0.001 compared to the corresponding parameters at
pH 7.5.
vol/S. pmol/jsgprotein/b sec/mM
4
3
2
+
Effect of organic Ca2 channel blockers
q)
I 1
0
the distal membrane vesicles to the same level as that observed
with Nat In the membrane vesicles from proximal tubules,
none of these cations affected Ca2 uptake (Fig. 7).
Discussion
Effect of pH
Effect of K diffusion potential on Ca2 uptake by the
luminal membranes
Further support for the lack of electrogenicity of this Ca2
transport was provided by developing K diffusion potentials,
Cs
+('J
Cs0
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related to the filtered load of Ca2 and therefore has been
attributed to a direct effect of acidosis on tubular reabsorption
of Ca2, independent of parathyroid hormone [7, 11], and
probably at a distal site [12]. Chronic respiratory acidosis also
augments Ca2 excretion by a direct effect on tubular reabsorp-
tion [13]. Conversely, systemic alkalosis enhances Ca2 reab-
sorption [5]. These effects may be due to either the systemic
acid-base disorder affecting tubular cell metabolism or transport
by the basolateral membrane, or to a direct effect of the tubular
fluid pH on the luminal membrane. Indeed, in a clearance study
performed in dogs receiving lysine infusions which produced a
systemic acidosis and an increase in urine bicarbonate, Peraino
and Suki [14] showed that urine bicarbonate per se was the main
factor responsible for the pH dependent calciuria, rather than
changes in systemic acid-base status.
Our results confirm the direct influence of tubular fluid pH on
Ca2 transport through the luminal membrane. Although a
slight but not significant effect was observed in membranes
from the proximal tubule, the influence of pH was essentially
localized in distal membrane vesicles. With 0.5 mM Ca2 as the
substrate, the pH effect was particularly evident when Na was
absent from the incubation medium. In both situations, that is,
in the presence and absence of Na, the stimulation of Ca2
uptake was due to an increase in the affinity for Ca2 of the low
affinity system. An additional effect was observed on the Vmax
of the high affinity system, in the presence of Na1 only. The
molecular mechanism of these effects is not clear. They are not
the result of any H/Ca2 exchange activity, since alkaline pH
stimulated Ca2 uptake on both sides of the membrane, even in
the absence of any H gradient.
Ca2 transport through the luminal membranes is not
electrogenic
Somermeyer et al in 1983 [15] reported experiments which
suggested that Ca2 transport through the rat cortex brush
border membranes was electrogenic. A potential was created
by K diffusion and by utilizing three Na salts with different
anion diffusibilities. Both types of experiments concluded to an
electrogenicity of Ca2 transport through these membranes
predominantly of proximal origin.
We used similar techniques to investigate the properties of
the luminal membrane and compared the results obtained with
A PT(+Na) B DT(+Na)
-1,-I
—1,—.
4
3
2
-1,-I
118
C,) 0 30 60 120 300
4
3
2
10
8
6
4
2
0 30 60 120 300
C DT(+K) 0 DT(+Na)(same anion in and out)
6
_11'_I_
5
4
3
2
-114-1—
0 30 60 120 300
Fig. 4. Effect of anion diffusibility on Ca2
uptake by the luminal membranes of proximal
(PT: A) and distal (DT: B,C,D) tubules. In
(A), (B) and (C), the vesicles were loaded
with 300 mM mannitol, 20 mri Tris-Hepes pH
7.5. They were incubated in media containing
either 100 mEq Na salts (A,B,D) or K salt
(C). In experiments (D), the intravesicular and
extravesicular media were exactly the same,
so that there was no gradient of anions or
cations. Symbols are the same in each figure:
(0) SCN, (U), P04, (D) SO4, (A) NO3, (•)
Cl. In none of the four experimental0 30 60 120 300 conditions was there any correlation between
the anion diffusibility and Ca2 uptake (N =
3).Time, seconds
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CDT (NaCI = 0)
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A PT (NaCI = 0) B DT (Na = 100 mM)
6 6
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0 30 60 120 300
Fig. 5. Effect of K diffusion potential,
negative inside the vesicle, on Ca2 uptake by
the luminal membranes from proximal (PT)
and distal tubules (DT). The vesicles were
loaded with 150 mas KCI, 20 mrvi Tris-Hepes
pH 7.5. They were incubated in a medium
containing 140 mM choline C1 and 0.5 CaC12
in the presence (0) or absence (•) of5 sM
valinomycin (N = 3).
2
I
2
,,
15 60 120 300
B1 I I
15 60 120 300
0
E
CS4-
+
CS
C-,
Fig. 6. Effect of 10 p.M nitrendipine (Lx) and
diltiazem (0) on 0.5 mM Ca2 uptake by
luminal membranes from proximal and distal
tubules. Vesicles from distal tubules (DT)
were incubated either in the presence of Na
(100 m NaC1, 40 m choline chloride, 20
mM Tris-Hepes pH 7.5) or in its absence (140
m choline chloride, 20 mM Tris-Hepes pH
7.5). The Ca2 channel inhibitors were added
Time, seconds to the incubation medium (N = 3).
distal and proximal tubule membrane preparations. For reasons In both types of membrane vesicles, the nature of the anions in
that are unclear, we have been unable to confirm the existence the incubation medium did not significantly affect the initial
of an electrogenic type of Ca2 uptake by the two membranes, uptake. Only after two or five minutes of incubation were
I—
2
60 120 300
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A PT (NaCI = 0) BDT(NaCI = 100mM)
E
a)
a)
a
+N
CU0
Time, seconds
variations observed in this uptake, independent of the known
diffusibility of the anion. These variations were also observed in
the situations where intra- and extravesicular compositions
were the same, thus eliminating any possible potential gradient.
The attempt to demonstrate an electrogenic Ca2 transport
using valinomycin on a transmembrane K gradient was also
unsuccessful in distal and proximal membranes. However, the
protocols of these experiments differed from those reported by
Somermeyer et al because the effects of Na and K on the
distal membranes, independent of their accompanying anion,
required their exclusion from the incubation medium. There-
fore, in our experiments, only the presence or absence of
valinomycin differentiated the control and experimental groups
of preparations. Nevertheless, these differences in protocols
between the two laboratories do not explain the variations in
the respective conclusions for the proximal membranes.
Does the luminal membrane contain Ca2 channels?
At least three types of Ca2 transport are demonstrable in
luminal membranes from proximal and distal tubules: a type I in
the proximal tubule (low affinity), which is not influenced by
Na, nor K, nor PH; a type II in the distal tubule, which has
a low affinity, and is largely influenced by pH and thiazides [2].
Finally, a type III also in the distal tubule which has a very high
affinity for Ca2, and is strongly affected by the presence of
Na [1]. Using 0.5 mM Ca2 as the substrate, that is, a
concentration that we assume to enable the three systems to
function, inorganic Ca2 channel blockers strongly depressed
Ca2 uptake by the distal luminal membranes. This effect
occurred only when Na was absent from the medium. There-
fore, in our distal membranes, several facts argue in favor of the
existence of a channel or carrier which is inhibited by Nat
Ni2 and Co2 in a nonadditive way.
The fact that nitrendipine and diltiazem did not significantly
inhibit 0.5 mM Ca2 uptake does not definitely rule out the
presence of Ca2 channels sensitive to these types of inhibitors.
Indeed, whereas in the presence of Na these inhibitors never
induced any change in Ca2 uptake by the distal membranes, a
modest but constant effect was observed in the absence of Nat
In contrast, neither Ni2t Co24, nitrendipine nor diltiazem had
6
4
2
6
4
2I— 1t rTTTTTT..
10 60 120 30010 60 120 300
CDT (NaCI = 0)
6
E
a)
CU4-a.
+N
CU0
4
2
S.S
r+t.44.
.4
10 60 120 300
Fig. 7. Effect of 5 mM Co2 (0) or Ni2 ()
on 0.5 mM Ca uptake by luminal
membranes from proximal and distal tubules.
The protocols were the same as for Fig. 6,
except for the nature of the Ca2 channel
inhibitors (N = 3). *D < 0.05, **V < 0.02,
< 0.01.
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any action upon Ca2 uptake by the proximal tubule mem-
branes. Recently, Bacskai and Friedman [16] reported, in distal
cell cultures from mouse kidney, the presence of a Ca2
channel that is voltage insensitive and stimulated by parathy-
roid hormone. This stimulation was completely inhibited by
nitrendipine. However, nitrendipine in the absence of PTH had
no effect. Further experiments with our membranes are neces-
sary to examine whether the distal luminal membrane is indeed
the site of some nitrendipine sensitive channels, and if such
channels are present, to determine to which of the two compo-
nents they correspond, as well as to determine the action of
PTH.
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